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Many theories beyond the Standard Model predict the existence of colored scalar states, known as 
sgluons, lying in the adjoint representation of the QCD gauge group. In scenarios where they are top-
philic, sgluons are expected to be copiously pair-produced at the LHC via strong interactions with decays 
into pairs of top quarks or gluons. Consequently, sgluons can be sought in multijet and multitop events 
at the LHC. We revisit two LHC Run I analyses in which events featuring either the same-sign dileptonic 
decay of a four-top-quark system or its single leptonic decay are probed. Adopting a simpliﬁed model ap-
proach, we show how this reinterpretation allows us to extract simultaneous bounds on the sgluon mass 
and couplings.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
Despite its success in describing all experimental high-energy 
physics data, the Standard Model (SM) of particle physics leaves 
many important and conceptual issues unanswered. As a conse-
quence, many theoretical frameworks extending it have been de-
veloped over the last decades, and new phenomena have been 
searched for experimentally. Weak scale supersymmetry, and in 
particular its minimal realization known as the Minimal Supersym-
metric Standard Model (MSSM) [1,2], is one of the most studied 
of those beyond the SM setups. It is however more and more 
constrained by data, and especially by the recent results of the 
LHC experiments [3,4]. There are nevertheless large varieties of al-
ternative non-minimal supersymmetric models that deserve to be 
investigated and whose signatures may be different from the ex-
pectations of the minimal choice.
Along these lines, we focus on N = 1/N = 2 hybrid [5,6] and 
R-symmetric [7–9] supersymmetric theories that both predict ex-
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SCOAP3.tra scalar partners to the SM gauge bosons. These additional de-
grees of freedom lie in the adjoint representation of the gauge 
group and are indeed not present in the MSSM. Among the new 
particles, the colored states commonly dubbed sgluons have re-
ceived special attention as they are expected to be copiously pro-
duced at hadron colliders [10–18]. Those ﬁelds however appear 
not only in supersymmetry but also in vector-like conﬁning the-
ories [19] and extra-dimensional models [20]. Motivated by typical 
sgluon signatures that are similar in all these models, we adopt 
a simpliﬁed model approach describing the dynamics of a scalar 
ﬁeld lying in the octet representation of SU(3)c and interacting 
with the SM [21,17]. This subsequently allows both for a model-
independent approach and a simpliﬁcation of the non-minimal su-
persymmetric parameter spaces that in general contain hundreds 
of free parameters.
This simpliﬁed approach has been used experimentally in or-
der to search for hints of sgluons in LHC collision data at center-
of-mass energies of 7 TeV and 8 TeV. As a consequence of null 
results, limits on the sgluon mass, mS , have been extracted af-
ter probing the production of a sgluon pair that decays into ei-
ther a four top-quark system yielding a same-sign dilepton ﬁnal 
state [22], or a four-jet ﬁnal state [23]. In the former case, mS is  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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always decays into a top–antitop system. In the latter case, lim-
its turn out to be weaker (mS  300 GeV) and are obtained after 
assuming that the sgluon always decays into a dijet state. Addi-
tionally, stronger constraints could be derived in the context of 
single sgluon production, the sgluon mass being pushed in this 
case above the multi-TeV scale [24,25]. These bounds are however 
very model-dependent and could be evaded as soon as the sgluon 
is allowed to couple to the top quark, as in realistic ultraviolet-
complete setups such as those mentioned. We therefore consider 
a framework where sgluons can couple to both quarks and glu-
ons, and then revisit constraints on sgluon simpliﬁed models by 
reinterpreting recent LHC analyses of all data recorded at a colli-
sion center-of-mass energy of 8 TeV. More precisely, we consider 
two CMS studies of four-top-quark topologies, a ﬁrst one focusing 
on same-sign dilepton events [26] and a second one on single lep-
ton events [27]. We hence derive, for the ﬁrst time, limits on the 
sgluon mass and coupling strengths to the SM particles simultane-
ously.
The rest of this paper is organized as follows. In Section 2, we 
brieﬂy describe our simpliﬁed theoretical framework for sgluon 
phenomenology at the LHC, and present the sgluon mass de-
pendence of both the total sgluon-pair production rate and the 
sgluon branching ratios. The reinterpretation of the LHC analyses 
of Refs. [27,26] is detailed in Section 3, and our conclusions are 
presented in Section 4.
2. A simpliﬁed model for top-philic sgluon phenomenology
In our study of sgluon production and decay at the LHC, we 
rely on a minimal extension of the Standard Model allowing for a 
general description of sgluon dynamics. To this aim, we construct a 
simpliﬁed model in which we supplement the Standard Model by 
a single real color-octet scalar ﬁeld Sa , the superscript a indicating 
an adjoint color index. The kinetic and mass terms associated with 
this ﬁeld are given by the Lagrangian
L= 1
2
DμS
aDμSa − 1
2
m2S S
a Sa , (1)
which includes the gauge interactions of a sgluon pair to gluons 
through the QCD-covariant derivative,
DμS
a = ∂μSa + gs fbcaGbμSc . (2)
In our conventions, gs denotes the strong coupling constant, 
fbca the structure constants of the SU(3)c gauge group and Gaμ rep-
resents the gluon ﬁeld.
Furthermore, in order to allow the sgluon for singly coupling to 
the Standard Model degrees of freedom, we introduce the effective 
Lagrangian
Leff = t¯ Ta(aLt P L + aRt P R) t Sa +
ag

da
bc Sa Fμν,b F
μν,c + h.c. (3)
Its ﬁrst term consists of dimension-four interactions of the sgluon 
with a pair of top–antitop quarks whose left-handed and right-
handed coupling strengths are denoted by aLt and a
R
t , respectively. 
The second term of Leff models single sgluon interactions to glu-
ons through a dimension-ﬁve operator, the dimensionless coupling 
strength ag being suppressed by the theory cutoff energy scale . 
In our notations, the Ta matrices stand for the generators of SU(3)c
in the fundamental representation, while dabc are the symmetric 
structure constants of the group and PL/R denote the chirality pro-
jection operators. Although sgluons can in principle also couple in 
a ﬂavor-changing-neutral way to different quark species, we only 
retain their ﬂavor-conserving interactions with top quarks. While 
not general, this choice is motivated by minimally ﬂavor-violating Fig. 1. Total cross section for sgluon pair production at the LHC, for a center-of-mass 
energy of 8 TeV, given as a function of the sgluon mass. The lower panel shows the 
sgluon decay branching ratio into a top–antitop pair for different coupling strengths 
at .
R-symmetric supersymmetric models where single sgluon interac-
tions are loop-induced by squarks and gluino in a way such that 
only interactions involving a pair of gluons or top quarks are non-
negligible [10].
This setup corresponds to the scenarios of class II introduced 
in Ref. [17], in which the sgluon is top-philic and only allowed to 
decay into a top–antitop pair or into two gluon-induced jets. We 
deﬁne our reference benchmark scenario by
aLt = aRt = at = 1.5× 10−3 , ag = 1.5× 10−3,
 = 1 TeV , (4)
and impose the sgluon mass mS to lie in the [350, 900] GeV win-
dow. For the phenomenological investigations performed in this 
work, we additionally study deviations from this reference sce-
nario by varying the at and ag parameters in the ranges [0.5, 5] ×
10−3 and [1.35, 1.65] × 10−3, respectively. As shown in Ref. [10], 
those numerical values can be obtained in ultraviolet-complete 
supersymmetric models featuring colored superpartner masses of 
about 1 or 2 TeV.
The scenarios under consideration exhibit an enhancement of 
the production rate, at the LHC, of events containing four top 
quarks. This is illustrated on Fig. 1 for proton–proton collisions 
at a center-of-mass energy of 8 TeV. First, we present, on the 
upper panel of the ﬁgure, the mS -dependence of the sgluon-pair 
total production cross section evaluated at the next-to-leading or-
der (NLO) accuracy in QCD [16,18]. Second, we show, in the lower 
panel of the ﬁgure, the mS -dependence of the sgluon branch-
ing ratios into a top–antitop system for several values of at . In 
order to calculate the sgluon-pair total cross section at NLO in 
QCD, we have followed the procedure described in Ref. [18]. More 
speciﬁcally, we have employed the FeynRules package [28] and its
NloCT module [29] to generate a UFO library [30] suitable to be 
used within the MadGraph5_aMC@NLO framework [31]. The cen-
tral curve on Fig. 1 is then obtained by ﬁxing the renormalization 
and factorization scales to mS and using the NNPDF 2.3 set of par-
ton distributions [32], while the uncertainty band has been derived 
by varying the two unphysical scales by a factor of two up and 
down with respect to mS (the inner range) and by using all parton 
density replicas provided by the NNPDF Collaboration (the outer 
range).
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As sketched on Fig. 1, the production of a pair of top-philic 
sgluons, whose dynamics are described by the model presented 
in Section 2, leads to an enhancement of LHC events containing 
either two top–antitop systems, or two dijet systems, or one of 
each. Since in our class of realistic scenarios, the sgluon couples 
to both top quarks and gluons, the existing limits on its mass [22,
24,25] do not directly apply and must be carefully reinterpreted. 
The most stringent and model-independent constraints have been 
derived in the context of an ATLAS analysis of partial LHC Run I 
data [22]. Sgluons are in this case searched for in same-sign dilep-
ton events arising from the decay of a four-top (tt¯tt¯) system, since 
such a ﬁnal state has the advantage to allow for a good experimen-
tal precision due to very low SM background. Instead of recasting 
this ATLAS analysis, we focus in Section 3.1 on its CMS counterpart 
[26] which beneﬁts from the entire collision dataset at a center-of-
mass energy of 8 TeV. Additionally, we choose to also explore the 
tt¯tt¯ topology via its single lepton plus jets decay channel. Although 
this mode exhibits considerable but well-understood background, 
it allows us to exploit a larger signal branching fraction. We rein-
terpret in Section 3.2 the SM tt¯tt¯ single lepton plus jets analysis of 
CMS [27] that also covers all 8 TeV data. Our results, that consist 
of the ﬁrst attempt to reinterpret LHC analyses of the full 8 TeV 
dataset in the aim of constraining realistic sgluon models, are pre-
sented in Section 3.3.
3.1. Dilepton analysis
The ﬁrst topology chosen to be investigated in this work con-
sists of a same-sign dilepton signature, for which CMS has ana-
lyzed the entire recorded dataset of collisions at a center-of-mass 
energy of 
√
s = 8 TeV [26]. This CMS analysis consists of a col-
lection of counting experiments searching for new physics from 
events containing two isolated same-sign charged leptons (ee, eμ, 
μμ) and jets. Results are presented in multiple search regions 
which are determined by requirements on the number of selected 
jets (Njets) with transverse momentum pT > 40 GeV and pseudo-
rapidity satisfying |η| < 2.4, as well as on the number of jets iden-
tiﬁed as originating from the fragmentation of a b-quark (Nb-jets), 
the scalar sum of the pT of the selected jets (HT ) and the missing 
transverse energy (/ET ). Without a knowledge of the correlations 
between the uncertainties on the background expectations in the 
search regions, the reinterpretation of a combination of search re-
gions is not possible. Therefore we utilise the results from the 
search region 28 (SR28) only. This search region is chosen as its re-
quirements can be fully emulated using the selection eﬃciency pa-
rameterizations included in the publication and closely correspond 
to the four-top-quark signature. This region is deﬁned by require-
ments of Njets ≥ 4, Nb-jets ≥ 2, HT > 400 GeV and /ET > 120 GeV, 
imposed together with the demand of two same-sign leptons with 
pT > 20 GeV and |η| < 2.4. Events containing an opposite-sign 
same-ﬂavor lepton pair with an invariant mass M satisfying ei-
ther M < 12 GeV or 76 GeV < M < 106 GeV are also vetoed. 
This was implemented in the original analysis in Ref. [26] to sup-
press background events arising from the decay of a low-mass 
bound state or multiboson production.
The analysis of Ref. [26] contains very useful information allow-
ing for reinterpretation studies, following closely the recommenda-
tions of Refs. [33,34]. In particular it includes parameterizations of 
the selection eﬃciencies which allows the signal acceptance to be 
estimated from generator-level information without the need for 
full detector simulation. Using these parameterizations we deﬁne 
an event-by-event weight
wevent = εHT × ε/ET × ε≥2b-tags × ε≥1SS2L , (5)that uses the individual eﬃciencies for the hadronic activity HT
(εHT ), the missing energy /ET (ε/ET ), the selection of at least two 
b-jets (ε≥2b-tags) and at least one same-sign lepton pair (ε≥1SS2L), 
this last eﬃciency being obtained after considering all possible 
permutations among the event leptons. In addition, a mistagging 
rate of a jet originating from a light quark or a gluon as a b-jet of 
1% is incorporated in the calculation of ε≥2b-tags.
Using the MadGraph5_aMC@NLO generator [31], we simulate 
the production, at the LHC with 
√
s = 8 TeV, of a sgluon pair 
that decays into a tt¯tt¯ ﬁnal state. Our event sample is gener-
ated inclusively in the top decays, and we subsequently match 
the hard-scattering events to the Pythia 6 parton showering and 
hadronization [35]. Jets are reconstructed by using the anti-kT al-
gorithm with a radius parameter set to R = 0.5 [36] as included in 
the FastJet package [37], while the event selection and reweighting 
procedure are implemented within the MadAnalysis 5 framework 
[38,39]. A signal acceptance of 0.60% has been calculated for SM 
tt¯tt¯ events using the eﬃciency modeling of Eq. (5). This can be 
compared with the acceptance of 0.49% obtained by CMS for the 
same process [26]. These two eﬃciencies agree within the 30% un-
certainty quoted on the eﬃciency model.
Scanning over the parameter space introduced in Section 2, we 
compute signal event yields for different (mS , at) values by us-
ing the relevant NLO cross section (see Fig. 1), a luminosity of 
19.6 fb−1 and the signal acceptance derived with the eﬃciency 
model. The obtained results are then compared to the 2 (2.21) 
events observed (expected) by CMS in the SR28 region. Consid-
ering a 30% uncertainty on the signal yield (see above), we use the 
asymptotic CLS method [40] as implemented in the RooStat pack-
age [41] to calculate a 95% CL observed (expected) upper limit on 
the number of signal events N in SR28. We have computed up-
per limits of 4.68 (4.89), therefore we exclude the region of the 
(mS , at) plane where N is predicted to be larger than 4.68 events.
3.2. Single lepton analysis
The CMS tt¯tt¯ single lepton analysis has been performed as-
suming the speciﬁc kinematics of the SM tt¯tt¯ production, and it 
places, at the 95% CL an upper limit of 32 fb on the associated 
cross section [27]. For certain values of mS and at , sgluon-induced 
contributions could enhance the tt¯tt¯ total cross section to a value 
larger than 32 fb, so that constraints on the parameter space could 
be extracted from the tt¯tt¯ single lepton analysis of CMS. However, 
in order to properly estimate which regions of the parameter space 
are disfavored by data, it is necessary to verify that the ﬁnal state 
kinematics in the decay of a sgluon pair are similar to the SM case. 
To this aim, we employ a simpliﬁed matrix-element method.
Matrix-element methods are normally based upon two stages. 
First, the detector level kinematics of the events of interest are 
translated into parton-level kinematics via transfer functions which 
describe the effects of the fragmentation, hadronization and detec-
tor reconstruction. Second, the probabilities of predicting a spe-
ciﬁc parton-level event conﬁguration when assuming one or more 
theoretical hypotheses are calculated on the basis of the associ-
ated matrix elements [42–44]. The simpliﬁed method used in this 
work relies on the fact that the event kinematics are entirely de-
ﬁned by the conﬁguration of the four top quarks, so that one 
could compute the probabilities using this information only. The 
decays of the top quarks and subsequent fragmentation, hadroniza-
tion and reconstruction of the ﬁnal state objects are identical for 
the sgluon-induced and the SM contributions, so that these ef-
fects are not simulated in detail. Instead, the four-momenta of 
the four top quarks are smeared by sampling a Gaussian distribu-
tion with a width corresponding to 20% of the original values. As 
the events are uniquely deﬁned by single points in phase space, 
L. Beck et al. / Physics Letters B 746 (2015) 48–52 51Fig. 2. The excluded regions in (mS , at ) space derived from the single lepton analysis 
(red solid line) and dilepton analysis (blue solid line). In both cases, the dashed 
lines correspond to the exclusion regions obtained when ag is varied by ±10%. (For 
interpretation of the references to color in this ﬁgure legend, the reader is referred 
to the web version of this article.)
the CPU-intensive phase-space integration normally required by 
matrix-element methods is avoided. Moreover, our method is fur-
ther simpliﬁed by evaluating the probabilities in the SM hypothesis 
only.
In order to probe how SM-like are tt¯tt¯ events induced by the 
decay of a sgluon pair, we make use of the MadGraph5_aMC@NLO
program to generate one sample of SM tt¯tt¯ events and a collection 
of samples including sgluon contributions for different mS values 
in the [350, 900] GeV range. We then estimate the probabilities in 
the SM hypothesis of the events in each sample, and compute a 
quantity known as the discrimination signiﬁcance (D) [45] that is 
used to assess the similarity of the probability distributions for SM 
and sgluon events. It is deﬁned as
D = | P¯SM − P¯Sgluon|√
(PRMSSM )
2 + (PRMSSgluon)2
, (6)
where P¯SM and P¯Sgluon are the means of the probability distribu-
tions for the SM and sgluon cases, respectively, and where PRMSSM
and PRMSSgluon are the root-mean-squares of these probability dis-
tributions. The numerator consists of the difference between the 
means of the two distributions in question, while the denominator 
is the effective resolution σ in measuring this difference. A D value 
of unity would hence correspond to means differing by 1σ .
We have found that in the case of the generated sgluon 
samples, the discrimination signiﬁcance has a minimal value of 
D ≈ 0.1 that is reached for mS = 400 GeV. The D quantity then 
rises approximately linearly to a value of D ≈ 0.5 for mS =
900 GeV. Furthermore, the dependence of D on at is found to be 
negligible. Consequently, the tt¯tt¯ kinematics for the SM and in the 
presence of top-philic sgluons lighter than about 1 TeV only mildly 
differ, so that the parameter space regions of our model in which 
the tt¯tt¯ cross section is predicted larger than 32 fb are excluded.
3.3. Interpretation
We present in Fig. 2 the regions of the top-philic sgluon pa-
rameter space that are excluded by the dilepton and single lep-
ton analyses of Section 3.1 and Section 3.2. The results (solid 
lines) are represented in the (mS , at) plane for a ﬁxed value of 
ag/ = 1.5 × 10−6 GeV−1 (see Eq. (4)). We then vary ag by 10% up and down, and show the induced variations on the constraints 
by dashed lines. For a sgluon mass of about 400–550 GeV, values 
of at down to about 0.6 × 10−3 are excluded. This is related to the 
signal cross section σ(pp → S S → tt¯tt¯) which is maximal in this 
parameter space region. For smaller and larger values of mS , the 
sensitivity worsens due to the decreasing sgluon branching ratio 
to a top–antitop system and the decreasing inclusive sgluon pair 
cross section, respectively.
The dilepton analysis turns out to be more constraining than 
the single lepton one, with constraints on mS ranging up to about 
750 GeV for at ≈ 2 × 10−3. This analysis has in addition the ad-
vantage of being not sensitive to the signal kinematics, in contrast 
to the single lepton one. We however recall that for the parameter 
space regions that are reachable with LHC collisions at 
√
s = 8 TeV, 
the kinematics differences between the SM and the sgluon cases 
cannot be pinned down. Nevertheless, the situation could be dif-
ferent for the LHC Run II expected to probe much larger sgluon 
masses, as the discrimination signiﬁcance D rises with mS (see 
Section 3.2).
4. Conclusion
Many new physics theories predict the existence of new col-
ored scalar ﬁelds, named sgluons, lying in the octet representation 
of QCD. These ﬁelds are expected, at least in top-philic sgluon 
scenarios, to either decay to a pair of gluons or to a top–antitop 
system. In this work, we have adopted a simpliﬁed model ap-
proach describing the dynamics of such top-philic sgluons and 
probed the associated parameter space (spanned by one mass pa-
rameter mS and two coupling strengths at and ag/) by extracting 
constraints from two recent analyses of tt¯tt¯ events by the CMS Col-
laboration in the entire LHC collision dataset at a center-of-mass 
energy of 8 TeV. We have found that sgluon masses ranging up 
to 750 GeV are excluded for sgluon couplings to the top quark 
of at = 1.5 × 10−3, a value typical of non-minimal supersymmet-
ric scenarios with superpartner masses of about 1 TeV or 2 TeV. 
In the case of smaller top-sgluon couplings of at = 0.75 × 10−3
(the smallest value which the LHC Run I is sensitive to), the sgluon 
mass is imposed to satisfy mS /∈ [400, 550] GeV. We have ﬁnally 
also observed that the picture does not drastically change with 
respect to 10% variations of the sgluon–gluon coupling strength 
whose reference value has been ﬁxed to ag/ = 1.5 ×10−6 GeV−1, 
a value again typical of supersymmetric setups with superpartners 
around the TeV scale.
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